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INTRODUCTION
The rates of many electrochemical processes, such as electrodeposition and electro-organic syntheses, are limited by slow mass transfer. An understanding of transport phenomena occurring near electrode surfaces is therefore essential to the economic design of electrochemical cells. A specific example of such a process is electroplating on vertical plates in unstirred electrolytes, which has long been known (1) (2) (3) to be rate-limited by natural convection mass transfer. Many recent studies have been conducted with the ultimate aim of understanding the complex relationship between the velocity profile in the hydrodynamic boundary layer (4) (5) (6) , the concentration profile in the mass transfer boundary layer (7) (8) (9) (10) , and the distribution of current density along the vertical electrode surface (11) (12) (13) . Such studies have contributed to the design of electroplating cells.
The parallel plate geometry is commonly employed in industrial electrochemical processes (14) . Many novel cell designs aimed at enhancing mass transfer rates have been invented in recent years, e.g. using magnetic fields (15) , wiped plates (16) , very high flow rates (17) , ultrasonic waves (18) , and controlled abrasion of the plate (19) . One method of improving the mass transport conditions in a parallel plate (rectangular duct) electrolysis cell is to orient the cell so that the less dense electrolyte solution is produced below electrolyte of higher density, e.g. by employing an upward facing cathode in electrodeposition. The resulting buoyant forces ' -3-can lead to natural convection, which increases the transport rate above that due to forced convection. This combined mode of mass transfer can be expected to be important in electrolytic processes which employ low electrolyte flow and large density gradients.
Tobias and Hickman (20) The interferometric method has been employed by many investigators (7, 9, 10, (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) to measure the concentration profiles in electrochemical mass transfer boundary layers. Even though it has long been recognized entry region. The primary current density distribution in this cell was calculated (32) to be uniform; local current densities deviate from the average current density by no more than 1% for 97% of the electrode surface.
Substantial deviations from uniform current density occur only within a few centimeters of the co-planar junctions between conductor and insulator. When current is passing, this electric field effect is moderated by the presence of charge-transfer and mass-transfer overpotentials. The resulting tertiary distribution should be more uniform than the primary distribution except for near the limiting current density; here the current distribution will reflect variations in mass transfer boundary layer thickness. Smoothed limiting current data obtained on a segmented electrode by
Tobias and Hickman (20) are plotted in Figure 7 . The transition between forced convection and combined forced and natural convection control corresponds to the minima exhibited by the dashed curves in Figure 7 .
Tobias and Hickman's data for 0.11 Cuso 4 and Re = 1400 show a transition location z = 7 em and a local limiting current density of The 90% boundary layer thickness was chosen as the most appropriate characteristic dimension a because it can be identified with the "equivalent" c linear concentration profile shown as the series of short and long dashes in The Rayleigh Numbers computed from the experimental interferograms obtained at the various transition locations z are listed in Table 1 . 
